Brazilian Solar Spectroscope (BSS), operating in the frequency range of (1000 − 2500) MHz with high time and frequency resolutions, has observed various fine structures showing intensity variations as functions of time and frequency. Here we are reporting radio bursts observed by BSS, from August to October/2001, exhibiting fine structures with total duration of the order of 300 ms, covering a frequency range of ∼ 200 MHz. These characteristics are similar to those of the narrow band type III bursts observed above 1000 MHz. Hence these fine structures are variants of decimetric narrow band type III-like bursts. The fine structures observed exhibit variation of intensity as a function of frequency and curvatures in the frequency-time plane. These fine structures are explained as a propagation effect. We suggest that these structures are the signatures of the chromospheric density inhomogeneities lying in the line-of-sight path between the observer and the radio source. If the emitted frequencies are lower than the plasma frequency of the inhomogeneity, there will be absorption over a certain band, corresponding to the dimension of the inhomogeneity. The curved like structures are due to lower group velocities of the lower frequencies in the density inhomogeneities. The estimated scale sizes of the irregularities obtained are of the order of 10 1 − 10 4 km. Thus an alternative method to total solar eclipse observation is suggested for investigations of chromospheric density irregularities.
Introduction
Bhonsle et al [1] have reviewed various fine structures observed in meter and decameter wavelengths and have showed their importance in understanding of inhomogeneities in the solar corona. Various fine structures have been reported in decimeter wavelength by various authors ( [2] and references therein) and many of these fine structures have been interpreted as due to various plasma mechanisms. However most of these fine structures were recorded with frequency and time resolutions of 10 MHz and 100 ms respectively. For the first time we are reporting fine structures in decimeter wavelengths recorded with resolutions better than reported earlier by a factor of 2 and with a higher sensitivity of about 3 s.f.u.. The observed narrow emission gaps ∼ 3 MHz and curvatures in the time-frequency plane at the low frequency end suggest that these effects can be due to propagation and caused by irregularities in density. Density irregularities in the chromosphere are investigated during the total solar eclipse observations and subtelescopic irregularities have been already reported in the literature [3] . These investigations of the fine structures in the decimeter wavelength can provide alternative methods to investigate density inhomogeneities in the chromosphere.
Observations
The Brazilian Solar Spectroscope -BSS -is operating over the frequency range of 1000 − 2500 MHz, with high time (10 − 1000 ms) and frequency (3 MHz) resolutions, in con-junction with the polar mounted 9 meter diameter parabolic antenna. BSS is a digital spectroscope and its signal can be recorded up to 100 digital frequency channels. Absolute timing accuracy is ∼ 3 ms and the minimum detectable flux is ∼ 3 s.f.u. [4, 5] .
We have selected a sample of events showing emission gaps and curved-like structures in the time-frequency plane. The total number of selected events is 20, of which 13 were analyzable. The data were analyzed using BSSData and BS-SView softwares. The association of the fine structures with the solar activity observed with other instruments is shown in Table 1 . It should be noted that most of the observed bursts exhibiting fine structures are associated with active regions near the limb. The spectra shown in the figures are examples of these events.
Figures 1a, 1b and 1c show spectra with emission gaps, corresponding to the absorption of certain frequencies, for different events. Figure 1d shows a curved-like structure at the lower frequencies. Figures 1b and 1c show also delays in the arrival of the lower and higher frequencies respectively, but these delays are in accordance with the normal drift rates observed in type III bursts above 100 MHz [6] and are not due to propagation effects.
Interpretations
Meléndez et al [6] have investigated in detail characteristics of the decimetric type III bursts above 1000 MHz. Total duration and bandwidth of the bursts in investigations are similar to decimetric narrow band type III bursts observed above 1000 MHz. This leads us to suggest that the emission gaps and curvatures at the low frequency ends observed in these type III-like bursts are due to propagation effects caused by the inhomogeneities in the line of sight between the radio source and the observer. Thus emission gaps can be associated with the scale length of the density irregularities transverse to the line-of-sight.
When there is an inhomogeneity in density lying in the line-of-sight path between the observer and the radio source (as shown schematically in Fig. 2 ), there will be absorption over a certain band of frequencies (Fig. 1a, b and c). Knowing the absorption band, and assuming emission at the sec-ond harmonic due to beam plasma interaction one can estimate the scale size of the irregularity, assuming that the inhomogeneities are close enough to the sources and using an electron density vs. height model [7] .
On the other hand, the curved-like structures (Fig. 1d ) are due to the dispersion of the propagating waves through an inhomogeneity (also shown in Fig. 2 ), as the lower frequencies propagate with a lower group velocity. Using the relationship between the group path delay and the columnar electron density, one can obtain the length of the irregularities along the line-of-sight. above 1000 MHz. This leads us to suggest that the emission gaps and curvatures at the low frequency ends observed in these type III-like bursts are due to propagation effects caused by the inhomogeneities in the line of sight between the radio source and the observer. Thus emission gaps can be associated with the scale length of the density irregularities transverse to the line-of-sight.
When there is an inhomogeneity in density lying in the line-of-sight path between the observer and the radio source (as shown schematically in Fig. 2 ), there will be absorption over a certain band of frequencies (Fig. 1a, b and c) . Knowing the absorption band, and assuming emission at the second harmonic due to beam plasma interaction one can estimate the scale size of the irregularity, assuming that the inhomogeneities are close enough to the sources and using an electron density vs. height model [7] .
On the other hand, the curved-like structures (Fig. 1d ) are due to the dispersion of the propagating waves through an inhomogeneity (also shown in Fig. 2) , as the lower frequencies propagate with a lower group velocity. Using the relationship between the group path delay and the columnar electron density, one can obtain the length of the irregularities along the line-of-sight. 
Calculations

Scale sizes of the inhomogeneities associated with emission gaps
Assuming emission at the second harmonic of the plasma frequency the densities are obtained corresponding to absorption band in the frequency by using the following equation:
where N e is the electron number density in cm −3 . Using the estimated densities, the height of the source above the photosphere is obtained using the Cilié & Menzel model [7] for the electronic (chromospheric) densities in relation to the height:
N e (h) = 10 × 5.7 × 10 11 e −7.7×10 −4 (h−500) cm −3 (2) where h is in kilometers, and the 10 factor is due to the maximum of the solar cycle. Densities in the chromosphere and corona vary by a factor of ∼ 10 from minimum to maximum during the solar cycle. Since these observations are during the solar cycle maximum, it is appropriate to include a factor of 10 in the above equation. The difference in the height corresponding to the absorption band as estimated above is the transverse dimension of the irregularity in the line of sight between the source and the observer.
The results obtained for the scale sizes of these irregularities are shown in Table 2 , where the frequencies f s and f e are the starting and the end frequencies of the emission gap; the heights h fs and h fe are obtained given f s and f e ; and L, the difference h fe − h fs , is the obtained length of the inhomogeneities, transverse to the line-of-sight.
Dimension of the inhomogeneities associated with propagation delays
If density inhomogeneities lie in the line-of-sight path between the source and the observer with an excess in density ∼ 3% of the ambient densities, the lower frequencies will propagate with lower group velocities and hence delays will be observed in comparison to the higher frequencies resulting in the observed curved-like structures in the frequencytime plane. Thus by using the relationship between time delay and densities [8] , the length of irregularities in the line of sight can be estimated:
where N is the number density of free electrons, b = 1.6 × 10 3 M KS units, ω is the angular frequency, c is the speed of light in vacuum and l is the length of the inhomogeneity.
The obtained results for the length of these inhomogeneities are shown in Table 3 , where f avg is the average frequency in the curved-like structures; N favg is the local ambient density of the medium; ∆N is the density of the inhomogeneity, which is about 3% more than N favg ; ∆t is the propagation delay of the lower frequencies; and l is the obtained dimension of the inhomogeneity along the line-ofsight.
Conclusions
Similar results have been obtained in the meter-decameter wavelengths by various researchers as reviewed by Bhonsle et al. [1] .
1) Various types of fine structures in the decimetric range
suggest the presence of sub telescopic scale density inhomogeneities in the chromosphere.
2) The dimensions of these inhomogeneities transverse to the line-of-sight are in the range of 10 1 − 10 2 km and they are associated with the fine structures showing variation of intensity as a function of frequency.
3) The dimensions of these irregularities along the lineof-sight are ∼ 7 × 10 4 km. They are associated with propagation delays, assuming that the inhomogeneities have density excesses ∼ 3% of the ambient density.
4) Thus investigations of solar dynamic spectra of the solar bursts in decimeter wavelength with high sensitivity and high resolutions are an alternative to solar eclipse observations for investigations of solar chromosphere. 
Calculations
Scale sizes of the inhomogeneities associated with emission gaps
f p = 9 × 10 −3 N e M Hz (1) where N e is the electron number density in cm −3 . Using the estimated densities, the height of the source above the photosphere is obtained using the Cilié & Menzel model [7] for the electronic (chromospheric) densities in relation to the height:
The results obtained for the scale sizes of these irregularities are shown in Table 2 , where the frequencies f s and f e are the starting and the end frequencies of the emission gap; the heights h fs and h fe are obtained given f s and f e ; and L, the difference h f e − h f s , is the obtained length of the inhomogeneities, transverse to the line-of-sight.
Dimension of the inhomogeneities associated with propagation delays
If density inhomogeneities lie in the line-of-sight path between the source and the observer with an excess in density ∼ 3% of the ambient densities, the lower frequencies will propagate with lower group velocities and hence delays will be observed in comparison to the higher frequencies resulting in the observed curved-like structures in the frequency-time plane. Thus by using the relationship between time delay and densities [8] , the length of irregularities in the line of sight can be estimated:
The obtained results for the length of these inhomogeneities are shown in Table 3 , where f avg is the average frequency in the curved-like structures; N f avg is the local ambient density of the medium; ∆N is the density of the inhomogeneity, which is about 3% more than N f avg ; ∆t is the propagation delay of the lower frequencies; and l is the obtained dimension of the inhomogeneity along the line-ofsight.
Conclusions
1) Various types of fine structures in the decimetric range
